The objective of the present study was to determine the effect of cellulose on intestinal iron absorption in rats during recovery from iron deficiency anemia. Twenty-one-day-old male Wistar-EPM rats were fed an iron-free ration for two weeks to induce anemia. At 5 weeks of age, the rats were divided into two groups (both groups receiving 35 mg of elemental iron per kg diet): cellulose group (N = 12), receiving a diet containing 100 g of cellulose/kg and control (N = 12), receiving a diet containing no cellulose. The fresh weight of the feces collected over a 3-day period between the 15th and 18th day of dietary treatment was 10.7 ± 3.5 g in the group receiving cellulose and 1.9 ± 1.2 g in the control group (P<0.001). Total food intake was higher in the cellulose group (343.4 ± 22.0 g) than in the control (322.1 ± 13.1 g, P = 0.009) during the 3 weeks of dietary treatment. No significant difference was observed in weight gain (cellulose group = 132.8 ± 19.2, control = 128.0 ± 16.3 g), hemoglobin increment (cellulose group = 8.0 ± 0.8, control = 8.0 ± 1.0 g/dl), hemoglobin level (cellulose group = 12.3 ± 1.2, control = 12.1 ± 1.3 g/dl) or in hepatic iron levels (cellulose group = 333.6 ± 112.4, control = 398.4 ± 168.0 µg/g dry tissue). We conclude that cellulose does not adversely affect the regeneration of hemoglobin, hepatic iron level or the growth of rats during recovery from iron deficiency anemia. 
The role of dietary fiber in the promotion of health has received growing attention in recent years, not only because of its immediate effects, but also because of its probable role in the prevention of disease (1, 2) . The recommendation for infants is that the consumption of dietary fiber should begin only after the age of two years (3) . On the other hand, there are no recommendations for infants that are less than two years of age due to the possible negative effects of excessive consumption of dietary fiber on growth and on the intestinal absorption of minerals, including iron (4) .
Studies (5) of chronic constipation during infancy have demonstrated that more than half of the 5-year-old patients attended presented constipation starting at less than 1 year of age. For this reason, food rich in fiber is being recommended for weaned infants, especially insoluble fiber, in order to prevent constipation. However, food rich in fiber may reduce the absorption of minerals (4, 6) , possibly contributing to the development of iron deficiency, which is currently the most prevalent nutritional deficiency in Brazil and in other developing countries (7) .
Studies that evaluate the interaction of fibers with iron in the intestine do not present fully consistent results and some of them analyzed the effect of fibers on iron absorption on the basis of a single meal test (8) or on the basis of the apparent absorption of this mineral (6, (9) (10) (11) . The intestinal bioavailability and absorption of iron can be evaluated by measuring the regeneration of hemoglobin in anemic rats previously submitted to an iron-free diet (12) .
The aim of the present study was to determine the effect of dietary insoluble fiber (cellulose) on intestinal iron absorption measured on the basis of the regeneration of hemoglobin (12) , on dietary intake and on the growth of rats with iron deficiency anemia.
Twenty-one-day-old male Wistar-EPM rats (N = 24) were fed the AIN-93G iron-free diet (13) for a period of 2 weeks to induce iron deficiency anemia (12) . For the duration of the experiment the animals received diet and water deionized by filtration through the MilliQ Plus system (Millipore Corp., São Paulo, SP, Brazil) ad libitum. The rats were kept in acrylic metabolic cages (Nalgene 650-0100, Rochester, NY, USA), under a 12-h light cycle and a temperature of 23 ± 1ºC.
After receiving this iron-free diet for 2 weeks, the animals -now 5 weeks old -were divided randomly into two groups of 12 rats each: cellulose group receiving a diet with cellulose (100 g/kg of diet), and control group receiving a control diet in which cellulose was replaced with corn starch, as suggested in the literature (14) . The diets with and without cellulose were both prepared according to American Institute of Nutrition recommendations (AIN-93G) (13) and with the same amount of iron (35 mg of elemental iron per kg of diet in the form of iron sulfate), as shown in Table 1 .
After weeks 1, 2 and 3 of the imposed diets both groups were weighed and a blood sample was taken from the tail to determine hemoglobin and hematocrit values. During this period, the diet intake was measured at 3-day intervals. Between the 15th and 18th day of the diet, the total accumulated feces from both groups were collected for weighing. On the 21st day of the diet, the animals were sacrificed and the level of hepatic iron was determined.
Hemoglobin was determined by the cyanomethemoglobin method and hematocrit by the method of Wintrobe et al. (15) . Hepatic iron levels were determined after liquid digestion of dry tissue by atomic absorption spectrophotometry (Perkin-Elmer -5.100, Norwalk, CT, USA) (16) .
Data were analyzed statistically by the Student t-test using the Jandel-Sigma Stat program, with the level of significance set at P<0.05.
When the test diets with iron were initiated, body weight was 97.7 ± 10.5 g for the Table 1 . Composition of the AIN-93G (10) diet for growing rats modified by increasing the quantity of cellulose (experimental diet) and by replacing cellulose with corn starch (control diet).
Ingredients
Cellulose diet (g/kg) Control diet (g/kg) cellulose group and 96.2 ± 9.1 g for the control group (P = 0.702) and the hemoglobin and hematocrit values were similar (4.2 ± 0.9 g/dl and 18.6 ± 2.6% for the cellulose group and 4.0 ± 0.76 g/dl and 17.6 ± 2.7% for the control group, respectively, with no statistical difference between groups for either measurement). Therefore, the two groups were homogenous before being submitted to the specific diets. The fresh weight of the feces collected between the 15th and 18th day of dietary treatment was 10.7 ± 3.5 g for the cellulose group and 1.9 ± 1.2 g for the control group.
The total dietary intake during the 3 weeks of dietary treatment was higher for the cellulose group compared to control (P = 0.009). Examination of these 3-day intervals showed that the cellulose group ingested significantly more food (about 10%) during the periods between the 6th and 9th day (P = 0.049) and the 9th and 12th day (P = 0.018).
No statistically significant difference in body weight was observed between groups weekly or for the 3-week period. After 3 weeks of diet, body weight was 225.7 ± 22.8 g for the cellulose group and 229.0 ± 23.7 g for the control.
During the 3 weeks of dietary treatment no statistically significant difference in hemoglobin or hematocrit was observed between groups during any of the 3 weeks. At the end of the experiment, hemoglobin was 12.3 ± 1.2 g/dl for the experimental group and 12.1 ± 1.3 g/dl for the control. Hematocrit was 42.6 ± 1.9% for the experimental group and 42.6 ± 1.9% for the control.
Fresh liver weight was 9.9 ± 1.9 g for the cellulose group and 10.6 ± 1.5 g for the control, and iron levels determined in dried tissue were 333.6 ± 112.4 µg/g for the experimental group and 398.4 ± 168.0 µg/g for the control. Again, no significant differences were detected between the two groups.
The main objective of this study was to determine whether cellulose (insoluble fiber) reduces the intestinal absorption of iron.
This subject is of great importance since the consumption of fiber during the first few years of life may have negative repercussions on childhood growth and development by interfering with food intake and iron absorption (4). This concern is the result of published evidence linking fiber to reduced iron absorption based on several proposed explanations: the binding of divalent metals such as iron to the fibers (6, 9) , an increase in intestinal peristalsis, and the formation of insoluble compounds with certain organic acids, such as phytate (1, 8, 10) . However, it is worth remembering that many of these studies were carried out in vitro (9) and were based on a single meal test (8, 9) or on estimated intestinal absorption (10, 11) . In the present study, a hemoglobin repletion model was employed as an indicator of intestinal iron absorption. This model is based on the evaluation of the effect during the period corresponding to that required for the recovery from iron deficiency anemia, when a reduction in intestinal iron absorption would be accompanied by a reduction in the hemoglobin regeneration rate. Because the animals chosen were growing, it was also possible to evaluate the effect of cellulose on food intake and growth.
Cellulose was added to the experimental diet in a quantity of 100 g/kg diet, while in the control group cellulose was replaced with corn starch (14) . The density of insoluble fiber (cellulose), of about 25 g per 1000 calories of experimental diet, is greater than the quantity recommended for humans, which should ideally be between 8 and 10 g of fiber per 1000 calories (17) . The pilot study carried out in our laboratory compared the efficacy of the addition of 35 mg or 105 mg of elemental iron to the diet used during the period of recovery from iron deficiency anemia in rats. We demonstrated that both iron quantities aided in the recovery from anemia over a period of 3 weeks. Because of this result, the 35 mg quantity of iron was chosen so that a weaker effect of fiber retard-
ing the reversal of iron deficiency anemia could be detected more easily than if a larger quantity of iron was used.
The level of hemoglobin of approximately 4.0 g/dl confirmed that the diet period of 2 weeks without iron was sufficient to induce iron deficiency anemia, as reported in the literature (12) . The 3-week period for hemoglobin repletion was also adequate since the hemoglobin level attained of 12.0 g/dl is the value expected for 8-week-old rats. The results show that, in addition to the final hemoglobin value being similar in the experimental and control groups after 3 weeks of dietary treatment, the weekly increase in hemoglobin and in hematocrit was also similar, ruling out the possibility that the normalization of these hematic parameters had developed more slowly in the group fed the diet rich in cellulose.
Our results agree with those reported in the few studies that have analyzed the regeneration of hemoglobin in rats, pigs and chickens fed diets containing different quantities of fiber provided by cellulose, wheat bran or other food stuffs (6, 18, 19) .
Our study, which evaluated the effect of a diet rich in fiber during the period of recovery from iron deficiency anemia, found no evidence of any reduction in intestinal iron absorption during this process. It is possible to speculate, from an experimental perspective, that this result, observed over a period of 3 weeks, provides data of greater consistency with respect to the interaction between iron and cellulose. Our results also agree with the only other study published that used the same experimental model which also showed no evidence of reduced intestinal absorption of iron in the presence of dietary cellulose (20) .
Another aspect related to the consumption of a diet rich in dietary fiber is a possible reduction of food intake that may cause a reduction in growth. In our study, the total food intake of the rats fed a ration rich in cellulose was found to be greater than that of the control group. It is probable that the animals fed a fiber-rich diet were compensating so as to meet their energy and iron needs. It is important to emphasize that the increase in weight was similar for the animals from both groups evaluated during the 3 weeks of observation. There was no reduction in the intake of food or in growth when rats with iron deficiency anemia were fed a diet rich in cellulose.
This study, carried out with immature growing rats with iron deficiency anemia, did not show any reduction in intestinal iron absorption (indicated by the regeneration of hemoglobin), in food intake or in growth associated with the use of a diet rich in cellulose. It is also important to emphasize that studies on human infants are necessary to determine the safety of the use of weaning foods rich in dietary fiber, as observed in the present experimental study.
